Resulting from a booming shale-energy sector, from 2007 to 2014, income As some residents [of North Dakota] find themselves cashing oil royalty checks worth tens of thousands of dollars a month or more, many of their neighbors are resigned to receiving almost nothing from the wells that pepper the landscape and even their own land-aside from the headaches that go with living in a boomtown.
Introduction
Due largely to advancements in hydraulic fracturing technology, in the mid-2000s there was a rapid increase in unconventional fossil fuel recovery in the United States. The local economic impact of this resource boom was particularly profound in North Dakota, home of the Bakken Shale Formation. To appreciate the magnitude of the resource boom there, and referencing Figure 1 , 1 consider that from 2006 to 2014, oil production in North Dakota increased from 40 million barrels per year to roughly 400 million barrels (data collected from the Energy Information Administration). As a result, from 2007 to 2014, real income per capita in North Dakota increased by nearly 40% and employment increased by more than 25%. For reference, real per capita income and employment in neighboring oilpoor South Dakota increased by roughly 4% and 6%, respectively (authors' calculations). 2 There is now a large literature that examines both the short-run economic impact of resource booms generally, and the shale boom specifically. Examining the experience of western U.S. counties, Weber (2012 Weber ( , 2014 finds that the shale boom increased local levels of employment, population, and income. Utilizing the synthetic control methodology, Munasib and Rickman (2015) examine the impact of the shale boom within the states of Arkansas, North Dakota, and Pennsylvania. Similar to the conclusions drawn by Jeremy Weber, they conclude that the shale boom generated significant economic gains, especially in North Dakota. In a creative natural field experiment, Komarek (2016) exploits the fact that the state of New York placed a variety of moratoriums on hydraulic fracturing, whereas neighboring Pennsylvania, West Virginia, and 1 A vertical dashed line is drawn at the year 2007. 2 Calculations were based on data collected from the Bureau of Economic Analysis (BEA), Regional Database, available at https://www.bea.gov/regional/index.htm.
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Ohio did not. He similarly documents positive economic effects of the shale boom, namely, increased wages and employment (though using a propensity score matching approach, Paredes, Komarek, and Loveridge [2015] document minimal wage and employment effects of fracking in the Marcellus region). 3 Similar to the present paper, Miljkovic and Ripplinger (2016) examine the economic impact of the North Dakota shale boom using state-level time-series data. They find that state-level wages and employment (in mining, agricul-3 Fetzer (2014) , Jacobsen (2016) , Maniloff and Mastromonaco (2017) , Alcott and Keniston (2017) , Lee (2015) , and Brown (2014) also document significant short-run localized economic gains stemming from the shale boom. Examinations of the recent shale boom are unable to say very much about the potential long-run implications of short-lived resource booms. In a seminal paper, Jacobsen and Parker (2016) find that U.S. counties that experienced a resource boom in the late 1970s suffer in the long run from higher levels of unemployment and lower levels of income. This raises the important question of whether modern shaleboom towns will prosper in the long run. Michaels (2011) considers the long-run effect of oil discoveries made in the southern United States in the early 1900s. He documents modest economic gains associated with resource-based specialization.
ture, and other sectors) all rose in response to enhanced oil recovery. However, their analysis is ill-suited to capture the dispersion of the economic effects, as state-level impacts may be driven entirely by a small handful of oil-rich counties. It should be mentioned that, along with significant economic gains, the shale boom generated a variety of negative outcomes as well. The shale boom increased local crime rates (James and Smith 2017) , depressed the value of nearby groundwater-dependent homes (Gopalakrishnan and Klaiber 2014; Muehlenbachs, Spiller and Timmins 2015) , and limited high school and college attainment (Rickman, Wang and Winters 2017) .
Most similar to the present paper, Feyrer, Mansur, and Sacerdote (2017) evaluate the local economic effects of the shale boom and draw specific attention to propagation effects. Their baseline analysis regresses the change in either sector employment or wages on oil and gas production at the county level. Aggregating to a 100 mile radius around each county, and further aggregating to the state level, significantly increases the estimated coefficient on oil production. The authors consider this
Figure 1
North Dakota Oil Production to be evidence of economic propagation (or spillovers from the county of production to neighboring counties). To more precisely gauge the extent of propagation, they draw concentric circles around all counties and vary the radii from 20 miles to 200 miles in 20 mile increments. Aggregating both dependent and independent variables, they observe that the effect of oil production on wages and employment ceases to grow for radii in excess of 100 miles. They conclude from this that significant spillovers occur within 100 miles of the point of oil and gas extraction.
We build upon the work of Feyrer, Mansur, and Sacerdote by considering the effect of the shale boom in North and South Dakota counties that are above, near, or far away from the Bakken Shale Formation. We focus on the experience of North and South Dakota for a few reasons. First, as shown by Munasib and Rickman (2015) , the economic impact of the shale boom was especially strong in North Dakota, and the state had not previously experienced an oil boom near the magnitude of the recent shale boom. 4 Second, there were no other major oil booms within hundreds of miles. This allows us to identify the unique effect of the Bakken Shale boom, and our estimates are not confounded by additional nearby oil drilling. Third, neighboring South Dakota did not experience a shale boom; the Bakken Shale Formation is largely confined to western North Dakota, eastern Montana, and southern Saskatchewan, Canada. 5 The differential impacts of the shale boom on these two otherwise very similar states makes for an ideal setting to consider the effects of state borders on the spatial dispersion of economic booms. We further contribute to the existing literature by examining the propagation of a 4 The shale boom may have had unique effects in places like Texas, Oklahoma, Louisiana, and Kansas because the preexisting labor force and infrastructure in these states might reflect earlier oil and gas booms.
5 Harding County, residing in the very northwest region of South Dakota, does produce some Bakken Shale oil, but a relatively small amount. In 2014, Harding County produced just 1.1 million barrels, compared to North Dakota, which produced nearly 400 million barrels that year. While oil production in Harding did surge from 2011 to 2014 by 300 thousand barrels, as noted earlier, from 2006 to 2014, oil production in North Dakota increased by 360 million barrels.
wider array of economic outcomes including income, unemployment, poverty, public finance, and regional migration.
To measure the dispersion of the effects of the oil boom, we place each North and South Dakota county into a specific "bin" based on each county's distance to the Bakken Shale Formation. Using a difference-in-differences estimation strategy we then estimate the effect of the energy boom on counties within each of these bins. We find that oil-producing counties experienced large economic gains (measured as reductions in the unemployment and poverty rate, and increases in income per capita and population). Nearby counties within 200 km also experienced economic gains, though those gains were matched with falling-not rising-populations. Examining county-tocounty migration patterns reveals that there was significant outward migration from neighboring counties (especially neighboring North Dakota counties) to oil-producing ones. There is evidence that the emigrating population was relatively uneducated. To the extent that migrants to the Bakken region were previously unemployed or of a low skill type, this may explain the observed dispersion of the economic gains. 6 Interestingly, we also document significant state-border effects. Conditional on a county's distance to the Bakken, South Dakota counties experienced minimal outward migration and, perhaps as a result, minimal per capita economic gains. This result is not easily explained by state-level variation in public finances, though we do find that, as a result of the oil boom, all North Dakota counties received enhanced state-level intergovernmental grants for education. While identifying the mechanism for state-border effects is beyond the scope of the paper, this finding is broadly consistent with an extant literature on intracountry home bias and state-border effects (e.g., Wolf 2000; Hilberry and Hummels 2003) , though, that literature tends to focus on wholesale trade flows rather than migration.
Identification and Data
Referencing Figure 2 , 7 all North and South Dakota counties are placed into one of n = 6 bins according to their Euclidean distance from the nearest oil-producing county. 8 Bins are defined based on 100 km band widths. For example, n = 1 corresponds to oil-producing counties (in 2012), 9 n = 2 corresponds to counties within 100 km, n = 3 corresponds to counties between 100 and 200 km away, n = 4 corresponds to counties between 200 and 300 km away, and so on. The last bin, n = 6, corresponds to counties that are in excess of 400 km away from oil-producing counties.
7 State borders are in bold. North Dakota is the top left state, South Dakota is the bottom left state. The other three states are Minnesota, Iowa, and Nebraska. 8 More specifically, for each county we compute the Euclidean distance from a county's geographic center to the border of the nearest oil-producing county. 9 We chose to base our treatment definition on 2012 production levels, because this year is arguably the height of the North Dakota shale oil boom. The set of oil-producing counties is stable over time; from 2009 to 2013, the set of oil-producing counties is constant. Mercer County, in North Dakota, which is a treatment county in our analysis, did not produce oil prior to 2009 and stopped producing any oil in 2014.
To estimate the spatial propagation of the North Dakota shale boom, we employ a difference-in-differences estimation technique that exploits both the geological location of unconventional hydrocarbon deposits and the exogenous timing of the shale-energy boom (both of which are exogenous factors from the perspective of economic agents in North Dakota). Our sample period is 2000-2015. We develop an indicator variable (Post t ) that is equal to unity for years in which the Bakken Shale Formation was booming (2007-2015, see Figure 1 ). We then interact this indicator variable with another indicator variable that defines bin designation. More specifically, we estimate equation [1] :
where D i,n is the indicator variable that defines which bin a county is designated to, Z t is year fixed effects that capture any relevant time-varying factors that are not specific to any given county, C i is county fixed effects that control for any county-specific factors that are time invariant, and , i t  is an error term that is clustered at the county level. Note that with the inclusion of year and county fixed ef-
Figure 2
North and South Dakota Counties fects, the variables Post t and D i,n are directly controlled for in the model, and hence, β n defines the average treatment effect (the effect of a county being in Bin n relative to Bin 6) during the oil boom (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) relative to the average treatment effect before the oil boom (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Because counties in Bin 6 are the reference counties, an identifying assumption is that these South Dakota counties, which are at least 400 km away from oil-producing counties, were not affected by the shale boom. This assumption seems plausible given the relative isolation of these counties from any oil-drilling activity (see Appendix Figure A1 , which was produced using data generously provided by drillinginfo.com and reflects all new oil and gas wells produced from 2007 to 2013).
A key identifying assumption is that preexisting trends were similar across the treatment and control group of counties. Figure  3 10 provides a graphical description of the evolution of the various outcome variables for counties in Bin 1 (oil-producing counties) and those in the two sets of controls (counties in Bin 6 and, for robustness, counties in Nebraska, Iowa, and Minnesota). Starting with panel (a), in 2000, average income per capita in Bin 1 is similar to that for Bin 6 and that for counties in Minnesota, Iowa, and Nebraska.
10 Bin 1 refers to oil-producing counties, Bin 2 refers to those within 100 km of oil-producing counties, Bin 3 refers to those within 200 but in excess of 100 km from oil-producing counties, and so on. "Poverty" refers to the poverty rate. "Unemployment" refers to the unemployment rate.
Figure 3 Treatment and Controls over Time
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Prior to 2007, average income per capita in the three groups was also growing at roughly similar rates. However, in 2007, income per capita in Bin 1 clearly diverges from both sets of controls, reflecting the North Dakota oil boom. Similar patterns exist for unemployment (panel c). The results for poverty are less promising. Prior to the oil boom, variation in the poverty rate in Bin 1 was not highly correlated with that for the two sets of controls. The results for poverty should therefore be viewed with some added caution. Finally, the results for population reveal that the two sets of controls are, on average, much more densely populated than those counties in Bin 1. However, the evolution of population prior to the oil boom across the three sets of counties appears to be roughly similar, suggesting that the controls may still be valid given that all regression specifications include county and year fixed effects.
Beyond economic spillovers to neighboring counties, there may be spillovers that are specific to counties within the state of North Dakota. For example, enhanced state-level revenue resulting from the shale boom may increase local public expenditures on various public goods, and this may spur additional economic activity. Equation [1] cannot reveal these effects, because a distinction is not made between North and South Dakota counties. We therefore estimate an additional model that interacts each of the interactions from equation [1] with an additional indicator variable equal to unity for counties in South Dakota. We specifically estimate
where SD i is the indicator variable for South Dakota counties. All of the other variables are defined as before. Note from Figure 2 that there is only one South Dakota county in Bin 1, and only one North Dakota county in Bin 5. For this reason we focus our North Dakota analysis on Bins 1-4 and our South Dakota analysis on Bins 2-5. The outcome variable, y i,t , takes on a variety of definitions. As a starting point, we define it as state personal income per capita (nominal values were converted to real ones using the CPI; 2000 is the base year). But average income levels say little about the distribution of income within a county. To better evaluate the welfare implications of the energy boom, we also define y i,t as the poverty rate and unemployment rate. We also consider broader economic and migration effects by defining y i,t as total employment, population, and various state and local government finances including total revenue, expenditures, and education expenditures.
The population, employment, and income data were collected from the Bureau of Economic Analysis, Regional Database. 11 The unemployment data were collected from the Bureau of Labor Statistics, Local Area Unemployment Statistics database 12 and the poverty data were collected from the Census Bureau's Small Area Income and Poverty Estimates Database. 13 All public finance data were collected from the Census Bureau's State and Local Government Finance database 14 and reflect revenues and expenditures of county and local governments (including cities and school districts for example). See Table 1 for summary statistics.
Results
Income and Employment
We start by estimating equation [1] , defining y i,t as either income per capita, population, the poverty rate, or the unemployment rate. Those results are given in Figure 4 . 15 economic gains are associated with the energy boom for oil-producing counties, though some spatial spillovers are present. For oil-producing counties, the treatment effects for income, poverty, and unemployment are 0.321, -0.236, and -0.365, respectively. These estimates imply that for those oil-producing counties, averaged from 2007 to 2015, the energy boom generated a 37.8% increase in per capita income, a 21.0% decrease in the poverty rate, and a 30.5% decrease in the unemployment rate. For counties within 100 km of oil-producing counties (counties in Bin 2), the treatment effects for income, poverty, and unemployment fall to 0.025, -0.040, and -0.134, respectively. While the results for poverty and unemployment remain statistically significant (at least at the 10% confidence level), the estimates are qualitatively reduced relative to those for oil-producing counties. Similar treatment effects are estimated for Bin 3 (counties between 100 and 200 km from oil-producing counties). Beyond 200 km away, the treatment effects corresponding to all three outcomes are again significantly reduced qualitatively, and all become statistically insignificant. Turning to population, there is some evidence that the energy boom elevated the population of oil-producing counties, though this result is not statistically significant. Interestingly, there is also some evidence that populations were reduced in neighboring counties within 200 km of oil-producing ones. Presumably this reflects the fact that relatively high wages were being offered in oil-producing counties during the boom period, and this attracted labor from surrounding communities. In the next section we examine this idea in more detail by examining county-to-county migration patterns.
Estimating equation [2] reveals the extent to which the spillovers documented above are state specific. The results for income and poverty are given in Figure 5 , 16 and the results for unemployment and population are given in Figure 6 . 17 The spatial spillovers are largely specific to the state of North Dakota. North Dakota counties in Bins 2 and 3 (non-oil-producing counties within 200 km of oil-producing counties) experienced increases in income per capita and reductions in unemployment and poverty. For unemployment and population, the treatment effects in North Dakota are negative (and mostly significant) for Bins 2-5. This suggests that the oil boom pulled people 16 For North Dakota, "Treatment Effect" is the estimate of γ n and for South Dakota is the estimate of (γ n + λ n ) from equation Note: Income per capita is real, and the base year is 2000. % HS Deg refers to the percentage of the county population with a maximum education level of a high school degree (averaged across the 2000 and 2011-2015 periods). % Coll Deg refers to the percentage of the county population with a bachelor's degree or higher. Migrants refers to the number of people moving from North and South Dakota counties to a Bakken county, relative to the host county's total population. All public expenditure and revenue variables are measured relative to the county population and are expressed in thousands of dollars.
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away from even distant North Dakota counties and, perhaps as a result, reduced the unemployment rate in those places. These results do not carry over to South Dakota, however. While the shale boom increased per capita income and decreased both poverty and unemployment in the single oil-producing South Dakota county, there is little evidence of any spatial spillovers in that state.
Local Public Revenue and Expenditures
In this section we similarly examine the effect of the shale boom on a variety of public finance outcomes. Those outcomes (all measured in per capita terms) are (1) local revenue, (2) local expenditures, (3) state intergovernmental revenue (local revenue granted from the state government), and (4) total education expenditures (which, because we are examining local education, education expenditures refer specifically to K-12 education).
Starting again with the estimation of equation [1], referencing Appendix Figure A2 , the effects of the oil boom on revenue and expenditures are largely confined to oil-producing counties. While intergovernmental grant spending is positive for all bins, the treatment effect decays somewhat as distance from the Bakken region increases. Similar results are documented for total local education spending. Estimating equation [2] again suggests that the oil boom enhanced public revenue and expenditures only in oil-producing coun- Figure A4 , there is little evidence that any non-oil-producing county in South Dakota experienced an increase in either intergovernmental grants or local education spending. However, all counties in North Dakota experienced an increase in intergovernmental grants, which in turn explains why local education expenditures were enhanced in all North Dakota counties. These are both statistically and quantitatively significant results. From panel (a) of Appendix Figure A4 , a treatment effect of 0.30 implies that the shale boom generated a 35% increase in intergovernmental grants (recall that the reference observation is Bin 6, which consists only of South Dakota counties). Averaged from 2000 to 2006, the typical North Dakota county received $852 in state intergovernmental grants, per capita. A 35% increase amounts to roughly an additional $300 dollars per capita. This is a relatively small amount when considered relative to average county income per capita (1.2%), though significant when compared to total county government revenue per capita (12%).
In conclusion, all North Dakota counties did benefit from the shale boom in at least one way: they all received additional funding for education. Could this explain why the economic gains were relatively muted in 
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South Dakota? Probably not. If this were the case, one would expect to see the economic gains in North Dakota more evenly distributed throughout the state. Another potential explanation is that the oil boom attracted labor from neighboring counties. To the extent that people living in South Dakota were, for some reason, relatively less likely to move to the Bakken region, this could explain why the state experienced such meager economic gains. We explore this possibility in the following section.
County-to-County Migration
Consistent with basic economic theory (e.g., Corden and Neary 1982) , resource booms inflate local wages. To attract labor, other nonresource sectors must also offer high wages, and this attracts labor from neighboring communities. Even if all workers were of the same type (in terms of, say, human capital accumulation and employment status), one should expect outward migration to be matched with rising wages. But suppose human capital and employment status were heterogeneously distributed across the working age population. In this case, a resource boom that generates high-paying employment opportunities may be especially appealing to nearby residents that are either unemployed or receiving a low wage. In this case, a resource boom is not only likely to pull labor away from neighboring communities, but it is likely to pull away the Here we examine county-to-county migration patterns within and between the states of North and South Dakota. The migration data were collected from the U.S. Census Bureau; 18 the corresponding survey was administered by the American Community Survey (ACS). The ACS asks respondents (aged 1 year and older) whether they lived in the same residence one year ago, and if not, where they lived. At the county level, only five-year moving averages are available. We make use of the 2010-2014 migration flows dataset and estimate the following equation:
where Migration i is migration from county i to any oil-producing county, and Pop i is the population of that county in 2014. All other variables are defined as before. Note that the first bin has been dropped from the dataset, as the dependent variable is the number of migrants moving to Bin 1 (the bin containing all of the oil-producing counties). As before, the reference observation is Bin 6, which consists only of South Dakota counties. The results from estimating equation [3] are given in Appendix Figure A8 . Similar to the earlier findings, the treatment effects are strongest for bins near the Bakken region. The treatment effect is statistically significant for all bins in North Dakota (though only at the 10% confidence level for Bin 5). The treatment effects are insignificant for all bins in South Dakota.
To help gauge whether these effects are large enough to explain some of the observed income and employment effects, note that av-eraged from 2010 to 2014, the average annual number of migrants moving from Bin 2 North Dakota counties to the Bakken region was 100. While the migration data are not available over the entire sample period, here we assume that this trend started at the event date (2007) and continued each year until 2015. In 2006, the average Bin 2 North Dakota county had a resident population of approximately 10,200, and roughly 1,700 of them were living in poverty. If one-third of all migrants to the Bakken region were previously living in poverty (an admittedly arbitrary supposition), each year 100 people would migrate away from the average Bin 2 county, and 33 of them would have been living in poverty. Holding all else equal, this implies that in 2007, the average population would fall from 10,200 to 10,100, the number of people living in poverty would fall from 1,700 to 1,667, and the poverty rate would fall from 1,700/10,200 = 16.6% to 1,667/10,100 = 16.5%. The next year in 2008, the average poverty rate would fall to 1,634/10,000 = 16.3%. By 2015, the average poverty rate would be just 15%. Averaging over the entire postevent date sample period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , the average poverty rate in Bin 2 North Dakota counties would be 15.8%. And note that this corresponds to a (15.8-16.6)/16.6 = 4.8% decrease in the poverty rate. Recall from panel (c) of Figure 5 that within Bin 2 counties, the estimated treatment effect for the poverty rate was approximately 5%.
This "back of the envelope" exercise arbitrarily assumes that one-third of the migrants moving from Bin 2 counties were previously living in poverty. While this may be unlikely, this exercise nonetheless provides some context for the estimates and highlights the potential for migration to explain some of the earlier findings.
There is little evidence that the shale boom generated outward migration from South Dakota (see panel (b) of Appendix Figure A8) . One, somewhat speculative, interpretation is that South Dakota did not benefit from the oil boom because the oil boom failed to attract South Dakota labor. The economic impact of outward migration from North Dakota might be especially pronounced if the migrating labor is low skilled, because that labor is more likely to be unemployed or have a low level Land Economics of income. We provide evidence of this by estimating the effect of the Bakken Shale boom on education attainment in neighboring counties. We collected data on the percentage of the county population with (1) at most a high school degree and (2) at least a bachelor's degree in the years 2000 and 2013. 19 We compute the change in the percentage of the county population with at most a high school diploma or at least a college degree from 2000 to 2013, and regress this value on the various North and South Dakota bin indicators. The results are given in Appendix Figure A5 . There is evidence that, from 2000 to 2013, North Dakota counties near the Bakken Shale became more educated; the percentage of the population with at most a high school degree fell by 2 points (significant only at the 10% confidence level for Bin 2), while the percentage of the population with at least a college degree increased by more than 2 points (significant at the 5% confidence level for Bins 2 and 3). Furthermore, this effect is unique to North Dakota and is consistent with those of Wilson (2016) , who finds that migrants to energy boom towns tend to be male, unmarried, young, and less educated.
Why were people in South Dakota more hesitant to move than people living in North Dakota? One possibility is that, prior to the boom, people living in North Dakota were relatively poor and hence more likely to move once the boom occurred. But a year before the shale boom, in 2006, income per capita in South Dakota was $26,037, whereas in North Dakota it was $25,444, and the unemployment rate in both states was roughly 3.7%. The poverty rate in South Dakota was also slightly larger than that in North Dakota (16% relative to 13%).
There is surprisingly little existing literature that identifies or explains the existence of subnational migratory border effects. Poncet (2006) finds significant interprovincial border 19 These data were collected from the U.S. Department of Agriculture (USDA). The USDA collected the year 2000 data from the Decennial Censuses of Population. The 2013 data are actually a five-year average (2011) (2012) (2013) (2014) (2015) and are from the ACS. These data are available at https://www.ers. usda.gov/data-products/county-level-data-sets/county-leveldata-sets-download-data/. effects in China, and Kone et al. (2016) document similar results for India. Song (2017) documents significant U.S. state-border migration effects and suggests, "What drives the border effect must also be consistent with my earlier finding that it is the more educated, high income-earning, young professionals that cease to move across states over time." According to Bishop (2009) , migrants are most likely to move between two similar regions, and Song (2017) additionally finds that differences in both race and urbanization contribute to state-border migration effects. However, this is not likely to explain our results; prior to the shale boom, western counties within North and South Dakota were similar in terms of both racial makeup and urbanization. One potentially meaningful difference between the two states is that, unlike North Dakota, South Dakota does not have an individual state income tax. In 2000, well before the shale boom, the bottom marginal income tax rate in North Dakota was 2.67% and the top marginal rate was 12% (for people earning in excess of $50,000). 20 Another difference is weather: South Dakota is warmer and dryer than North Dakota. There is a large literature that links regional development and population density to environmental amenities such as weather (see for example Blomquist, Berger, and Hoehn 1988) . Taken together, the net benefit of moving west from North Dakota to the Bakken region may be high relative to the net benefit of moving north from South Dakota. But until additional research is carried out, this explanation remains speculative.
Robustness
The validity of the results outlined above depend on whether the comparison units used are appropriate. Recall that counties in Bin 6 are used as controls. Two key identifying assumptions are that (1) prior to the boom, the control group was evolving similarly to other counties in North and South Dakota and (2) 20 Data were collected from the Tax Foundation and are available at https://taxfoundation.org/state-individualincome-tax-rates/ (accessed November 2017). the evolution of the control group was unaffected by the boom. In this section we explore the validity of these assumptions.
We start by considering the possibility that the counties in Bin 6 were actually affected by the shale boom. In this case, our estimates would be biased toward failing to reject the null hypothesis of no effect. We address this concern by replacing the baseline control group with Nebraskan, Iowan, and Minnesotan counties. These three states all border North and South Dakota, and are not endowed with either oil or natural gas. It is possible that the counties within these states may have also been affected by the boom. However, if this is the case, it is then reasonable to think that all U.S. counties may have been affected by the boom, and hence, no good control group exists. Rather than reestimating all of the previous effects, we focus on the baseline results for income, population, unemployment, and poverty. The results are given in Appendix Figure A6 and are largely consistent with the earlier findings, with two exceptions. The treatment effects for income and poverty are significant for all bins, suggesting the economic gains associated with the Bakken oil boom were far reaching. While using counties in surrounding states as controls offers the advantage of exogeneity, these counties may not be suitable controls. For example, the city of Minneapolis is in Hennepin County, Minnesota. This is arguably not a great control for North and South Dakota counties, which are much more sparsely populated. Given this, equation [1] is reestimated for the baseline socioeconomic outcomes after restricting the dataset to low-population counties. The results are surprisingly similar to the previous ones and so are not reported. 21 Casual observation suggests that, with the exception of poverty, prior to the boom Bin 1 counties were evolving similarly to Bin 6 counties (and Minnesota, Iowa, and Nebraska counties). We formally test whether there was meaningful preexisting variation in treatment 21 Low-population counties are defined as having an average population (from 2000 to 2015) less than 30,000. The estimations obtained using low-population counties are available from the authors upon request. and controls prior to the shale boom by estimating a variation of our main estimation equation. Rather than interacting bin indicators with the Post dummy, we interact them with year dummies (for the years [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . With the inclusion of county and year fixed effects, this model reveals whether treatment effects rose in tandem with the timing of the energy boom, or whether our baseline results simply reflect a preexisting trend. For income, poverty, and unemployment, a preexisting trend does not appear to be a significant problem (see Appendix Figure A7 ). Prior to 2007, variation in the treatment effects for all bins is relatively small, suggesting that prior to 2007, counties in Bins 1-6 were evolving similarly to each other. This, however, was not the case with population. As can be seen, all bins (with the exception of those in Bin 5) were shrinking in population relative to Bin 6, and this was especially true for counties in Bins 1, 2, and 3.
Discussion
Our results suggest there may be widespread gains associated with hydraulic fracturing that reach well beyond the point of extraction. In fact, they suggest that the Bakken Shale oil boom reduced unemployment and poverty rates in counties that were in excess of 100 miles away. Informing both voters and policy makers of the regional economic effects of resource extraction is of clear importance. This is especially true given that oil-and gas-related regulations are typically negotiated at the state level by representatives who may not believe their oil-poor districts have much to gain (or lose) from the legislation.
These results inform previous and future related research as well. To account for spatial spillovers, previous literature has dropped counties that are immediately adjacent to oil-producing counties (Michaels 2011; Jacobsen and Parker 2016) . The idea is that counties adjacent to treatments may also be affected by a resource boom; using them as controls would cause estimates to be biased toward failing to reject the null hypothesis of no effect. Our results suggest this method-Land Economics ology is warranted but may not sufficiently eliminate spillover bias, as the propagation extends beyond contiguous counties.
To illustrate this point, we estimate the effect of the shale boom in Bin 1 counties using Bin 3 counties as the reference set, and then compare these estimates to those obtained using Bin 6 counties as the reference set. Continuing to assume that Bin 6 counties serve as suitable counterfactuals, this should reveal the extent of spillover bias that remains even after omitting contiguous counties. Starting with income, and using Bin 3 as the reference set, the estimated treatment effect is 0.266 (and is significant at the 1% confidence level). But this may be a lower bound, as we have previously shown that significant spillovers accrue even to Bin 3 counties (which are at least 100 miles from the Bakken region). Using Bin 6 counties as the reference set increases the estimate to 0.321 (0.321 -0.266 = 5.5% point increase). This same procedure suggests that the effects for unemployment and poverty are underestimated by roughly 8.8% points, and 5.3% points, respectively. Because the shale boom attracted labor from nearby counties, using nearby (Bin 3) counties as reference causes the estimated treatment effect for population to be biased upward by 7% points. In the future, researchers should consider using more distant counties as controls to more fully avoid spillover bias, though doing so also raises concerns of unobserved heterogeneity bias.
Following a methodology similar to that of Feyrer, Mansur, and Sacerdote (2017) , we further explore propagation effects within North Dakota by computing the percentage of the income gains accruing to each bin. Referencing panel (a) of Figure 5 , the treatment effects for Bins 1-5 are 0.33, 0.06, 0.14, 0.03, and 0.03, respectively. Multiplying each treatment effect by the average income level for each respective bin reveals an estimate of the total income gains accruing to each bin. We estimate that 45% of the total income gains accrued to Bin 1 counties (approximately $80 million), 9% accrued to Bin 2 counties (approximately $16 million), and 14% accrued to Bin 3 counties (roughly $25 million). Qualitatively there were gains to Bins 4 and 5, but the treatment effects were not statistically significant. These results are in contrast to those of Feyrer, Mansur, and Sacerdote, who estimate that just 15% of the wage gains that accrue within 100 miles of extraction remain within the county of extraction. 22
Conclusion
Due to advancements in hydraulic fracturing and horizontal drilling technology, in addition to high energy prices, energy production in the United States dramatically surged in the mid 2000s. The regional impact of this energy boom was perhaps most profound in North Dakota, home to the Bakken Shale Formation.
We document large economic gains associated with the production of Bakken Shale oil in North Dakota (measured as reductions in poverty and unemployment and increases in income), and these gains spilled over to counties within 200 miles. Further, all North Dakota counties benefited from enhanced public spending on education. We also find that the boom generated significant outward migration from neighboring counties, and there is evidence that the migrants were relatively uneducated.
While the economic gains propagated within the state of North Dakota, they did not spill over into neighboring South Dakota, nor were residents of South Dakota as likely to move to the Bakken region. This result does not appear to be driven by cross-state variation in demographics or economic opportunities, as the western parts of North and South Dakota were, prior to the boom, very similar. However, the two states did differ in terms of both tax policy (South Dakota does not have a state income tax), and climate (South Dakota is warmer and dryer). Additional research should ultimately be completed to better understand the effects of state borders on migration and the dispersion of economic shocks. 22 Feyrer et al. specifically find that $1 million of oil and gas extraction raises Bureau of Labor Statistics wages by $33,957 at the county level, and by $221,153 within a 100 mile radius. Therefore, just $33,957/$221,153 = 15.3% of the wage increase remains in the producing county.
